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A b s t r a c t ‘1’his I)aljcr illvcstigatcs altnost)lleric attenu-
ation corrcctiot] atld ice flag algoritl]rtls  for  the NASA
Scat, tcrolllctcr (N SCA’1’).  ‘1’}Ic data froul  the Special ScII-
sor Microwave/ l lnagcr  (SSM/1)  aud ScaSat scatkrolllc-
ter ( S A S S )  arc allalyze(l to dclille slid e v a l u a t e  t,hc ap
plic,ability  of I]otelltial algoritll~ns The results show that
the lnolltllly-:ivcragecl  attclluatjiotl IIlal)s  derived frorll  the
SSM/1 data call  I)c usd to correct NSCI\’1’  d a t a  w i t h  a
residua] error of ahollt,  (1.1 d]] r]lls  under raimfrce COll-
ditious. Ilowcvcr, WIICH ll)erc i s  rail), tllc cliinatolog-
ica]  attcuuatio)l tlla[~ i s  [lot al~jllical)le  I)ecallsc  o f  t h e
tcln~)oral  w)d sl)atial var iabi l i ty  of  raitl, slid algorithnls
for raia flaggi[lg  or corrcctio[l  rclllaiu to l)P inves t iga ted .
NSCA’J’ is dcsigtlm{ to per fern] wit]d  illcasllre~llmts  o v e r
i c c - f r e e  occa[ls. ‘Jo rducc tjhc tclllporal ulkccrtainty  of
ice growth and ]Ilotioll, a sea-ice classification algorithm
usitlg the NSCA’1’ dat,a slid the distiuct, phys ica l  scaLtcr-
illg sigllaturcw  of 0CC2LII  surfaces and sea ice is proposed.
‘J’his icc-flaggillg algc)ritllln exteads the pcrforrna]lce  o f
NSCA’1’  itlto the I)olar  occaas.

1 .  lN’I’ILC)l)lJC~ ’l’ION

Glol.Jal oceau will(l t]]casurclllents arc critical for ocean
aud atmospheric strldim. NS(-~A’l’,  the NASA Scattcro]m
ctcr [1], ol)cratcs at Ku-band (13.995 GIIz) and will I)c
lauacllcd 011 the .Iapaucse A1)l;OS-I s p a c e c r a f t  in 1996
for tile rclnot,e  scusi[lg of occall win(ls.  Occal~ winds  arc
IIIC kcy drivitlg  f o r c e  of atlllospl]cric aud oceau circula-
tions. I;acll  side of tl)c  swath with rmpcct to the s p a c e -
craft groul~cl track is illuminated I)y tllrcc antenna beallls
froln diff’crcl~t wilnutll  aII$lfx  {lrig  1). ‘1’hr fore  and a f t
alltcnna ~Jcaliis arc vertically polarimd,  while t h e  tnid-
dlc Ijcal)l  is dual-polarized. ‘1’hc l~zrckscattered  siguals
are IJol)lllcr-filt(>rccl  using aa otl-boar(l digital sig[lal pro-
c.cmor to p r o d u c e  25 norvnalizcd  radar cross-sectiou  [rro)

cells silll[lltal](’ollsly,  ‘J’l]c dat, a collected fro[tl  these three
antcnlla l~call]s  a l l o w  tlllc Cstlilnatiol]  of wind  sped  aud
direction based oll (IIC azilllut, h diversity of observation
auglcs.

‘J’IIQ clectrottlagact,ic waves at Kwt)aud  frequcacy arc
nlorc sllsccl)til)lf’  to aLtClllliltiO])  fr(J1li  atrllos[)llcric c l o u d
water a]id  w a t e r  vai)or tllau at (~-l)alld,  tllc o~)eratiug
frcqueucy o f  tile lI;ll,S-1  scatterolllcter. ‘J’l)c atu]osJ)hcric
atkiluatioll,  if IIncorrccte(l, will degrade tile pcrforulallcc
of wind  velocity measurclllctlts. ])ecausr L]lcre will \)c 110
colI)l)allion  II)icrowrrve radiollletcrs for atlllosl~llcricfi~lls-
itlg  oa f\l)l’X)S-l,  tile use  of otllcr avai lable  rclllotc scl)s-
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i[l,g data sources Iiccds  to br cousidcrd for correcting the
atnlosl)llcric  attclluatiou, Itl addi(ion, the lack of coim
cidclltal radiolllctcr data requires at] ice-flag algorithm
which uses the scattcroll]etcr data to flag tile presence o f
i c e  iu tljc scatterolllcter  footl)riat,.

11 .  A’I’MOS1)IIII;l{l(  ~ (: OILIOJ(’J’ION  AI,  GOJ1.lrJ’IiM

‘1’hr data considered irl this l)al~or are from tile Specia l
S e n s o r  Nlicro\vavc/lrll:lger  (SSM/1),  which is a rnulti-
frequcacy scaatlirlg  ra(iiortlekr  f o r  tllc rcnlote sensiug
o f  atmospheric })ararllrters, ‘J’he atltlospl)eric attcrl(la -
tioll dat a [2] derivc(l  frorl] uric year of SSM/1  d a t a  h a v e
bcerl  arlalyzecl.  ‘J’lIc ~.cogral)llical  var ia t ions  of  attcrlua-
tic)n data wit$ll or witllollt,  rairl  were nualyxed hy groul)irlg
t]le (lat:l  irl 1 °  by 1 °  IJius. ‘J’hP tJvo-way  at]nospheric  at-

tcrluatioa  car) reach as high  as ().6 d]]  without, raiu Ilcar
tropical areas and I)ccolrles  srnallcr for areas away froln
tllc eqllat,or.  l)ata fvcre a lso  avrragrxl orl a moathly basis
wit]l  Lll(> results illdiciitillp,  strorlg gcogra[)hica] arrd sca-
S011{1]  (] f}] H?H(]Crl  CC, a s  i]llrstratm] ir] ]rig. ~. ‘J’]lc rnollthly
staadard drwiatiotls  of atlrlosl~llrric atterluatioa for all 1°
by 1° ctlls were evalllatrxl,  irldicatiug at) average value of
0 .1  dll uudcr raiu-free coll(litions slid over 0.3 d])  with
a l l  wra[llcr coaditiorls cousidcrcfl. ‘J’his nlcans t h a t  url-
der rairl-free corlditior)s, WY> caa accurately correct, for the
atrnos~)llcric  attcuuati(ln usiug tl]e  lllolltllly-  averagccl  atj-
tenuatioa rnal)  derived fronl the SShl / 1  d a t a .  ]Iowever,
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Iig, urc  2. ‘1’$vo-wa,~ raill-free atmos],llcric attenuation versus lat i tude,  lor,~itlldc  =- -30”, ir(ci[lcllcc  auglc =: 60°

a v e r a g e  alld 4:lrJ in ,fuly  1992.  (II) Monthly average for 1992,

in the ]Jrcscncc  of raiu t,hcrc  could he sig, nificaut,  r e s i d u a l
e r r o r s  w i t h  (f)is alj])roacll, llclIcc, I_urtfler  s t u d y  or] rain
corrcct, iou or [Iaggillg  is required.

111. S E A  ICI; 1’l,A(;(;IN(.;  A1.(;  Ol{,lrJ’JIM

‘1’IIc i c e  flag,giug  algorit,flln I,roposccl  uscs  the NSCA’1’
data to distillguis]l bctwcctl sea ice aud }~’illd-ro[lgllcl~ccl
occall surfaces. ‘J’llis algoritlltll is based on the distinct
scattering si,glla(lurcs  o f  sca ice aud ocean s u r f a c e s  at,
lnodcrate to Iargc itlcidencc  allglcs [ 3 ] ,  A t  slt]all irlci -
dcllcc arlglcs, t h e  r a d a r  backscattcrillg  is dolninat,cd by
tllc rough surface ,  while at large iucidcllcc auglcs, it is
doll]  iuatcd I)y volulllc scat ter ing fro]]) brillr i n c l u s i o n s
aud air l~ut)l)lcs i~l tl]c ice, llccausc ttlcsc volultle scatter-
ers h a v e  sll]all cllii)ticitics and arc randoln]y  oriclltcd ill
tl)c  azilnut]l dircctiou, the co-l) olarizcd hackscattcr ratio
7(= ~hh/~t,u)  for  s~a icc i s  c l o s e  10 ullity at large illci-
dcllcc auglcs.  111 colltjrast, tflc  IIragg s c a t t e r i n g  b y  c a p -
i l lary  waves  rcstllts in s]llall -( at large il)cidcncc angles .
l“ig.  3 illustrates the co-l)  olarizcd I>ackscattcr ratio fro~rl
the sca ice at](l OCIMII surface as a fut)ctioli of iuciclerlcc
allglcs. It is sltow]l  that -y for sea ice is iu ,gcncra]  several
dll larger than that of sea sllrfacm al, low to II]odcratc
wincl speeds a t  above  45 dcgrcc illcidcucc allglcs. I I o w -
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e v e r ,  th( diff’crctlcc  r e d u c e s  at Iligllor  wind  sl)ceds. ‘1’cr
resolve  t})c urlccrlai]lly ill wilid  Sl)ccds,  tl]c  ai)solute ICVPI
of ao is used to (Ictrrtllil)r \vllet,llcr  tllc wind S1)CCCI is ICSS
thail a c.crtail)  value, sl]cll as 8 m/s. Fig,  4 illustrates tllc
I]acfiscattcriug cocf]icirllts of sca ice aud sea surfaces as
a fu]]cti(lrl  of il]cidc]lcc  a]lglcs al]d  sllo}vs that Uhh of  sca
surface is less tlhau -20 (Ii) at al] incidence angle greater
tllall 45 dcgrccs for 8 fiI/s witlds.

Ilascd  ou t,hcsc ol)scrvatiolls, t h e  NSCA’1’  d a t a  col-
lected l~y the  clual-l,olarizrd antelllla Leauls a t  g r e a t e r
tllau 50 degree illcidclicc allglcs cau be confidently used
t o  c l a s s i f y  the icc atld  o c e a n  f o r  cacll  pass, W i t h  t}]e
data collected from rllultil)lc IJasscs,  a colltiuuous ice edge
car) l)c ct)nstructcd usil]g  (I)c collection] of fragmclltcc] ic.c
edges  ol]taillcd fro!]) cIcry l)ass witl]ill a few days.

]V. Sll MM All,Y

‘1’his p:ij)cr I)rcscnt,s  algoritlltlls for corrcct, illg the atrno-
si)hcric {Ittenuatioo  uudcr rilill-free conditions and au icc-
flagging algorithln for NSCA’1’.  ‘1’IIc I)roposccl  atteuuatioll
al,goritlltn u s e s  ttle Illc)ll tl)ly-avcrage(i  at, t,cllu ation ]nal)
derived froln the SShl/1 data. Althoug]) the performance
o f  tliis algorithln ill tjllc al)scl]cc  o f  r a i o  i s  acccpt,  ahlc,
a u  algorithl[l a})plicablc to cells coutalninatcd by r a i n
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I’igure 3. Colmlarizrxl  l,acliscirttcr  Iatirr (~ ) of f i rs t -year  (F}”) icr alld win<l-rou~hcnd  sra s u r f a c e s  a s  i) fllnct,ioll  of i]lciclcllcc
Zl\glQs.  Ol,h a[l~( ~m,, Of t.fl~ sca s!irfa~c  a[~ Cal~\}lat,e({ fr~]l] Wellii’,’s S}\SS  gcol)h~si~al  fl]~(lr’}  fllrl Cti I)ll [ 4 ] .  ~0 I)f IJ1’ iCC WC&..

the backat  (CI dirt a  obtained hy Kim et al. [5]. ( a )  C o m p a r i s o n  o f  t h e  copo]arized ratio of  ice and the sea surface at  the
u})wind  d i r e c t i o n  f o r  t h r e e  wirLrJ s~~ccds.  (b) (;orn[)arisoli  of  the co[>olarizfd  rat io of icc allcl t ILC sea  surface at t}lc rrlj, c r o s s ,
and drrw]l-willd  direction for  8 m/s winds.
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F i g u r e  4. IIactiscattcring  cocf]icicnts  of first-year (l”Y)  icc an(l $virl(l-rollgll~necl  sea surfaces as a fuuction of inr-irfcrlcc  a n g l e s .
aO Of t h e  sea  s u r f a c e  i s  Ciliclliat.e(l  froru  ~Vclltz’s  S A S S  ~co~)h~sical  inodel  Iunclbn  [41.  co  (If  1<’}’ ice \vas LIIC I>ackscatter  d a t a. .
ol)taind l)y IIlrtl  ct al. [5]. (a) ohh, (1))  0,,,,

rel]lains  to I)c dckr]rliflcd, ]“irla]]y, t]IrI a])proact] of t]Ic [2]

I)llysical-based algoritllrll for icc flagging is dcscribrd,

A(-;KNOW1,l I;I)G M lI;N’IS [3]

‘1’his w o r k  w a s  l)crforltlcd u[ldcr corlt,ract w i th  tlIc N a -
t i o n a l  Acro[]aotics  atld Sl)ace ~iclllli[listratic)ll at L}le .Jct [4]

l’ropu]sioll l,al)oratory,  Cal i fornia  lllsti(,utc of ‘l’ccl]nol-
O,gy.
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